The bioactive compounds, as well as the in vitro antioxidant activity of two Savoy cabbage cultivars, Dama and Leticia, grown in west of Spain under similar conditions were identified, quantified and compared. We found that cv. Dama presented in general betters results when compared with cv. Leticia. Cv. Dama presented higher concentrations of chlorophyll a (2.26 mg/100 g fresh weight), total phenolic content (102.71 mg of chlorogenic acid equivalent/100 g fresh weight) and total intact glucosinolates (195.22 µmol of sinigrin equivalent/100 g fresh weight). Thus, cv. Dama exhibited higher values of in vitro antioxidant activity.
In recent years, increasing attention has been paid to the role of diet in human health. Several epidemiological studies have indicated that a high intake of plant products is associated with a reduced risk of a number of chronic diseases, such as atherosclerosis and cancer (Temple 2000) . These beneficial effects have been partly attributed to the compounds which possess antioxidant activity. The major antioxidants of vegetables are vitamin C, carotenoids, chlorophylls, phenolic compounds, and glucosinolates. Those antioxidants may act together to reduce reactive oxygen species level more effectively than single dietary antioxidants, because they can act as synergists (Podsedek 2007) .
Brassicaceae is a wide plant family that includes different genera of cultivated plants, collectively called Brassica vegetables. Within the Brassica oleracea species, various types of cabbages are comprised (white, red, Savoy, Chinese), cauliflower, broccoli, Brussels sprouts, and kale. These vegetables possess antioxidant and anticarcinogenic properties (Chu et al. 2002) .
Cabbage is one of the most important vegetables grown worldwide. Different cultivated types of cabbage show great variation in respect of the size, shape, and colour of leaves as well as size, shape, colour, and texture of the head (Singh et al. 2006) . Nieuwhof (1969) categorised the different forms of cultivated cabbage into white cabbage, red cabbage, and Savoy cabbage.
The consumption of cabbage has increased in recent years, from 1.64 to 1.99 kg/person from 2006 to 2010 (FEPEX 2012) , which may be because the benefits of these vegetables are becoming better known by the consummers. In addition, it is necessary that consumers know that the variation in the antioxidant activity of Brassica vegetables is caused by many factors such as the cultivar, maturity at harvest, growing conditions, and post-harvest storage conditions (Singh et al. 2007) . Previous studies, such as by Singh et al. (2006) , have analysed antioxidant phytochemicals content in cabbages. However, the study on the two Savoy cabbage cultivars (Dama and Leticia), most produced and consumed in Extremadura, Spain (FEPEX 2012), has not been performed yet.Thus, the new contribution of this study to the scientific knowledge was to quantify the antioxidant compounds (vitamin C, carotenoids, chlorophylls, phenolic compounds, and glucosinolates) in the two Savoy cabbage cultivars (Dama and Leticia) not previously studied. Having precise information about the influence of the cultivar on the bioactive compounds will be useful for those consumers that demand food products with high nutritional values, health benefits, and high quality standards.
Chlorophyll a and b contents were determined using multivariate calibration by means of Partial Least Squares (PLS) (Fernández-León et al. 2010) . The results were expressed as mg/100 g FW.
Total and individual phenolic compounds determination. The determination of total phenolic content (TPC) was performed by spectrophotometry according to Bernalte et al. (2007) . The results were expressed as mg of chlorogenic acid equivalent/100 g FW.
Individual phenolic compounds were determined by liquid chromatography combined with mass spectrometry (HPLC-MS) according to Fernández-León et al. (2012) . Standard calibration curves were made for the quantification and the results were expressed in mg/100 g FW, for each identified compound.
Intact glucosinolates determination. Intact glucosinolates were extracted following Vallejo et al. (2003) method using HPLC-MS. The chromatographic and spectrometric conditions used were described by Tian et al. (2005) and Fernández-León et al. (2012) . Eleven individual glucosinolates were identified, which were quantified using the calibration curve of sinigrin as an external standard and expressed as µmol of sinigrin equivalent/100 g FW.
Antioxidant activity. Antioxidant activity (AA) was measured spectrophotometrically at 750 nm by the reaction of the plant extract with the radical chromophore ABTS (2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) (Cano et al. 1998) . The results were expressed as mg of Trolox/100 g FW.
Statistical analysis. For the statistical studies, SPSS 15.0 software was used (SPSS Inc., Chicago, USA). The correlations were estimated with the Pearson's test at the significance levels P < 0.05 and P < 0.01. The data are expressed as means ± SD of six independent analysis and samples. Mean values were analysed by Student's test.
RESULTS AND DISCUSSION
Ascorbic acid. The content of vitamin C among Brassica vegetables varies significantly between and within their subspecies (Podsedek 2007) . In this study, vitamin C has been quantified as ascorbic acid in the two Savoy cabbage cultivars, and its contents are summarised in Table 1 . No significant differences were observed between both cultivars studied regarding the ascorbic acid contents. The values obtained were higher than those measured before in Savoy cabbage by Martínez et al. (2010) and similar to those obtained by Podsedek et al. (2006) . Generally, among Brassica vegetables, white cabbage and Savoy cabbage are the poorest source of vitamin C, however, in many countries are these the most popular species of Brassica vegetables (Podsedek 2007) .
Carotenoid and chlorophyll pigments. The contents of carotenoid and clorophyll pigments are summarised in Table 1 . The results obtained were comparable to other reported values (Singh et al. 2006 (Singh et al. , 2007 Fernández-León et al. 2010; Martínez et al. 2010) .
No significant differences were observed between cvs Dama and Leticia Savoy cabbage cultivars in β-carotene concentration. However, lutein concentration was significantly higher in cv. Leticia (0.48 mg lutein/100 g FW) than in cv. Dama (0.18 mg lutein/100 g FW).
With regard to the chlorophyll pigments (Table 1) , chlorophyll a was the most abundant pigment found in the Savoy cabbage studied, its amount being higher in cv. Dama than in cv. Leticia (2.26 and 1.16 mg chlorophyll a/100 g FW, respectively). There were also significant differences between the two cultivars of Savoy cabbage studied in chlorophyll b content when also revealed a higher value in cv. Dama (0.85 mg chlorophyll b/100 g FW) than in cv. Leticia (0.50 mg chlorophyll b/100 g FW). Similar concentrations were reported by other authors for other green vegetables (Khachik et al. 1986; García et al. 2005; Noichinda et al. 2007) .
Total and individual phenolic compounds. The measured of amounts of total phenolic compounds (TPC) were statistically different between both cultivars, the TPC content being higher in cv. Dama than in cv. Leticia (102.71 and 50.00 mg of chlorogenic acid equivalents/100 g FW, respectively) ( Table 1) . The values obtained in this study were similar to those obtained by Podsedek et al. (2006) and Martínez et al. (2010) for Savoy cabbage, and similar to those obtained for Chinese cabbage by Bahorun et al. (2004) , the phenolic contents ranging from 15.3 mg/100 g FW in white cabbage to 337.0 mg/100 g FW in broccoli (Chu et al. 2002; Wu et al. 2004) .
Considering the individual phenolic compounds (Table 1) , our findings are consistent with the previously published works (Martínez et al. 2010 ). Significant differences were observed between the contents of phenolic acids with higher values of gallic and sinapic acids in cv. Dama (0.89 mg gallic acid/100 g FW and 1.59 mg sinapic acid/100 g FW) than in cv. Leticia (0.22 mg gallic acid/100 g FW and 0.46 mg sinapic acid/100 g FW). However, the chlorogenic acid content was higher in cv. Leticia than in cv. Dama (0.54 and 0.20 mg chlorogenic acid/100 g FW, respectively). With flavonoids concentrations no significant differences were observed between both cultivars of Savoy cabbage.
Intact glucosinolates. Brassica vegetables are the main source of glucosinolates (GS) in human diet. It is known that particular species, varieties, and cultivars differ with regard to the type and amount of the GS present (Fenwick et al. 1983) . It should be noted that isothiocyanates are derived from hydrolysis of glucosinolates and have been confirmed to possess protective effects against cancer (Fahey et al. 2001; Keck & Finley 2004) . Some of them are: sulforaphane derived from glucoraphanin; phenethyl isothiocyanate derived from gluconasturtiin; allyl isothiocyanate from sinigrin; indole-3-carbinol from glucobrassicin; and crambene from progoitrin (Keck & Finley 2004) .
The determined glucosinolates compounds, in the two Savoy cabbage cutivars, have been arranged in Table 2 taking into account their chemical structure. The reported results are in agreement with previous studies of other Savoy cabbage cultivars (Ciska et al. 2000; Cartea et al. 2008 ).
Significant differences were observed between Savoy cabbage cultivars in terms of total aliphatic glucosinolates (Table 2 ). For this group of compounds, expressed as mg/100 g FW; TPC -total phenolic compounds expressed as mg of chlorogenic acid equivalent/100 g FW; AA -antioxidant activity expressed as mg Trolox/100 g FW; **significantly differences among the values (P < 0.01); ns -no significance cv. Dama exhibited higher amounts than cv. Leticia (90.82 and 86.61 μmol sinigrin equivalents/100 g FW, respectively). However, within the aliphatic glucosinolates different behaviour could be observed depending on the alkyl, alkenyl or hydroxyalkenyl chemical structures. Glucoraphanin (alkyl GS) and glucobrassicanapin (alkenyl GS) abundances were higher in cv. Dama than in cv. Leticia. Nevertheless, gluconapin (alkenyl GS) was more abundant in cv. Letica than in cv. Dama. On the other hand, no significant differences were observed with glucoiberin and glucoalysin (alkyl GS), sinigrin (alkenyl GS) and progoitrin (hidroxyalkenyl GS). Indole derivates constitute the most abundant glucosinolates in both cultivars (Table 2 ). Higher concentrations of total indole glucosinolates were found in cv. Dama (104.41 μmol sinigrin equivalents/100 g FW), than in cv. Leticia, with 65.18 μmol sinigrin equivalents/100 g FW. The same behaviour was observed for the individual compounds, the contents of glucobrassicin, 4-methoxyglucobrassicin, and neoglucobrassicin being significantly higher in cv. Dama than in cv. Leticia. Glucobrassicin is the most abundant glucosinolate in both cultivars. Glucobrassicin is the dominating GS in all vegetables of B. oleracea species and, depending on the cultivar, this GS accounted for 10% to > 65% of the total (Ciska et al. 2000) . In this study, glucobrasscin GS represented 33% of the total GS with cv. Dama and 29% with the Leticia cultivar.
Among the aromatic glucosinolates, gluconasturtiin was not detected in either cultivar of Savoy cabbage (Table 2) , which is the case witch other varieties of cabbage (Ciska et al. 2000) while, according to the results reported by Cartea et al. (2008) , the concentration of this GS in cabbages ranges from 0.00 to 1.38 μmol sinigrin equivalents/100 g FW.
Finally, the results summarised in Table 2 show significant differences in the concentration of total glucosinolates between the cultivars studied, which was higher in cv. Dama (195.22 μmol sinigrin equivalents/100 g FW) than in cv. Leticia (151.79 μmol sinigrin equivalents/100 g FW).
Antioxidant activity. Antioxidant activity (AA) found in cv. Dama (56.62 mg Trolox/100 g FW) was statistically higher than in cv. Leticia (43.53 mg Trolox/100 g FW) ( Table 1) . The values were similar to those obtained by other authors, e.g. Podsedek et al. (2006) .
According to the Pearson's test, AA values correlated with the contents of biocompounds determinated in this study (Table 3 ). This correlation was not found for b-carotene. Regarding phenolic compounds, in many in vitro studies demonstrated these compounds a higher antioxidant activity than antioxidant vitamins and carotenoids (Vinson et al. 1995) . Thus, in this study high values of antioxidant activity were strongly associated (Pearson's correlation coefficient r = 0.913, P < 0.01) with the content of phenolic compounds in this vegetable (Wu et al. 2004; Podsedek 2007) (Table 3) . Among the phenolic compounds, the flavonoid compounds are very abundant in the brassicas and therefore contribute in an important way to the antioxidant activity of these vegetables (Chu et al. 2002) .
Additionally, glucosinolates are characterised by their high antioxidante capacity (Moreno et al. 2006; Verkerk et al. 2009) . Therefore, as shown in Table 3 , a strong correlation exists between the total content of glucosinolates and antioxidant activity (r = 0.884, P < 0.01).
CONCLUSIONS
After comparing the results obtained in this research work, we found that the Dama cultivar had higher contents of most of the studied biocompounds than the Leticia Savoy cabbage cultivar. In addition, cv. Dama exhibited higher values of in vitro antioxidant activity, because this cultivar contained higher amounts, almost double, of the main antioxidants compounds, such as total phenolic compounds, chlorophyll a, and total indole glucosinolates. In addition, remarkable was the elevated amount of glucobrassicin found in cv. Dama. Finally, it was observed that glucoraphanin content (sulforaphane precursor) was about 50% higher in cv. Dama than in Leticia cultivar.
